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ASCORBIC ACID AND ACCLIMATIZATION 
TO COLD ENVIRONMENT! 


Louts-PauL DuGAL? AND MERCEDES THERIEN?® 


Abstract 


A large increase in the ascorbic acid content has been shown to occur in the 
tissues of the white rat (able to synthesize that vitamin) after prolonged exposure 
and adaptation to cold (+ 4° to —4°C.). The increase in ascorbic acid is 
much smaller if the rats exposed to low temperatures receive daily supplements 
of that vitamin. On the other hand, a decrease in ascorbic acid content of the 
tissues has been found in rats unable to adjust themselves to cold environment. 
From the above results obtained with the white rat, it seems that the acclimatiz- 
ation to low temperatures—and not only maintenance of life at the same 
temperatures—requires large quantities of ascorbic acid. 


That conclusion was confirmed by experiments with guinea-pigs (animals that 
do not synthesize ascorbic acid); the results obtained show that resistance and 
adaptation of the guinea-pig to cold environment depend on the amount of 
ascorbic acid received daily; besides, during the process of acclimatization to 
cold, more ascorbic acid is retained in the tissues of the guinea-pigs exposed to 
low temperatures than in the same tissues of control animals kept at room 
temperature; finally, a direct relation has been observed between adaptability 
to cold environment and the content of ascorbic acid in the adrenals. 


Physiologically speaking, there is very little known about the exact signifi- 
cance of the term ‘acclimatization’ or ‘adaptation’, except in the case of 
high altitude. As far as adaptation to high or low temperatures is concerned, 
the information is very meagre as to what are exactly the underlying physio- 
logical or biochemical mechanisms, the normal defence reactions that permit 
living organisms exposed suddenly, or more often, gradually to a new surround- 
ing, to adjust themselves. 

The present investigation was undertaken with the idea in mind that 
ascorbic acid might be an important factor for resistance and adaptation to 
cold environment; two articles had focused our attention on that possibility: . 
Parvis (12) had shown that there is a decrease in the ascorbic acid content of 
tissues of guinea-pigs, when those tissues are exposed, im vitro, to cold tempera- 
tures; moreover, Frommel and Loutfi (3) had found the same decrease in the 
tissues of the same animal during the winter. The results of Parvis and of 
Frommel and Loutfi raised the problem of the necessity of ascorbic acid for 
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acclimatization to cold or very cold temperatures, and perhaps also for 
resistance to low temperatures, that is to say, for the transition period from 
normal temperature to sudden cold. 


We thought that the problem could be, at least, partly solved by tate 
ascorbic acid variations in the tissues of the white rat exposed gradually, and 
also suddenly, to low temperatures. It was only logical to wonder if that 
animal, normally able to synthesize ascorbic acid at normal temperature, 
would increase or decrease the content of the acid in its tissues as a normal 
physiological response to exposure to cold. 

We were also aware that any results obtained on rats and eventually 
establishing a link between ascorbic acid and cold environment should be 
supplemented and confirmed by experiments on guinea-pigs, in order to study 
the effect, use, and fate of ascorbic acid at cold temperatures in animals unable 
to synthesize that vitamin, a property also shared by man. 

That explains why the experimental work to be presented here has been 
performed on both the white rat and the guinea-pig: it will be, of course, 
treated in two distinct parts. 


I. Increase in Ascorbic Acid Content of the Tissues of the 
White Rat Exposed to Cold Temperatures 


1. TECHNIQUE 
A. Protocol 

(a). Ascorbic acid contents of the liver, kidneys, and testes of rats (i) 
exposed and adapted (as measured by the weight curves) to cold environment 
(+ 4° to 0°C.; 70% relative humidity) during different periods of time (one 
month, two months, etc., up to six months) and of rats of the same age, fed 
the same diet, but kept at room temperature, have been compared; (ii) dying at 
cold temperatures, that is to say presenting all symptoms of non-adaptation 
(9); (iii) and also of rats well adapted to cold but having received daily 25 
mgm. of ascorbic acid (in all the experiments, the diets were normally devoid 
of ascorbic acid). 

(6). Three diets were used: one rich in fat (called A), another rich in 
carbohydrate (called R), and the third was the normal laboratory diet for 
rats, Purina ‘Fox-chow’. The two first diets were equicaloric and devoid of 
ascorbic acid. Their composition is given in a previous article by the same 
authors (2). The idea of using different diets was to investigate their effects 
on the ascorbic acid variations in the tissues, at all temperatures to which 
animals were subjected. 


(c). All animals, whether at room temperature or in the cold room, were 
kept in small individual cages, where activity is practically nil. 
B. Method 

Ascorbic acid determinations in the tissues were made according to the 


method of Bessey and King (1). Only the reduced form of ascorbic acid was 
so determined, always on the organs of individual animals. The analyses of 
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the tissues of the experimental rats and of the corresponding controls were 
always performed at the same time. The total interval from the time of 
autopsy to the time of titration was constant for a given organ, and never 
exceeded 45 min. 


2. RESULTS 


A. The fundamental phenomenon observed is that whatever diet is used 
there is an increase in the ascorbic acid content of the liver, kidneys, and 
testes of rats exposed gradually to cold temperatures (4° C. during the first 
three months, 0° C. for two weeks, —2° C. for another fortnight and finally 
—4° C.), as compared to the ascorbic acid content of the same tissues of rats 
of the same age, fed the same diets, but kept at room temperature. Those 
results, based on over 180 rats, are shown in Fig. 1. It should be emphasized 
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that each point on Fig. 1 is based on at least 20 analyses, half of which were 
carried out with rats kept in the cold room and the other half with rats at 
room temperature. The amount of ascorbic acid in the kidneys passes 
through a maximum increase of nearly 60% after two months and a half of 
exposure to cold, then decreases a little to become stabilized at a plateau of a 
little over 50% after four months; the ascorbic acid content of the liver 
increases gradually to a stable maximum of 40% after the animals have been 
exposed to cold during four months; in the testes, the phenomenon is the 
same, to a lesser extent, than in the kidneys: the maximum represents an 
increase of a little over 20% and the plateau attained after four months is 
around 18%. It should be noted that the results presented in Fig. 1 are 
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really combined results of experiments performed concurrently with two 
different equicaloric diets, a diet rich in fat (A) and a diet rich in carbohydrate 
(R); comparisons have actually been made however between rats receiving 
the same diet, A or R, but kept at different temperatures. These results 
summarize the fundamental phenomenon observed, namely, an important 
increase in the ascorbic acid content of all the tissues analysed from rats 
exposed to low temperatures and well adapted, i.e., having resumed a long 
time ago their growth rate after an initial loss (the average initial weight of 
all rats concerned here was 236 gm. for the group exposed to cold; six months 
later, the average final weight was 285 gm. for the group exposed to cold, a 
net gain of 20.7%, and 310 gm. for the group kept at normal temperature, a 
gain of 31.3%) as compared to the ascorbic acid content of tissues of rats 
kept at room temperature, whatever diet is used. 

The evolution of the increase in ascorbic acid content, as expressed by the 
curves of Fig. 1, is only approximate because of the relatively long lapse of 
time between the different points; more frequent determinations, especially 
in the first hours or days of exposure to cold might possibly add more details 
and precision to the initial portions of the curves, but could not fail to confirm 
the fact that there is an increase in ascorbic acid content under the conditions 
described and that in general the increase seems to be larger in the first months 
of exposure, and is smaller but still substantial, when the animals are well 
adapted to cold. 

There is no need to worry about the question of the total quantity of 
ascorbic acid in the tissues; it may be taken for granted that the total quantity 
does increase in the case of exposure to cold even more than the content 
expressed in milligrams per gram of tissue, since it is a well known and 
recognized fact that the weight of the organs increases at cold temperatures, 
as compared with room temperature, all other conditions being equal. 

It might be added here, on the basis of a few experiments, that a similar 
increase in ascorbic acid content has been observed in the same tissues and 
also in the adrenals of the rabbit exposed to cold temperatures and adapted. 
Results obtained in subsequent experiments with guinea-pigs and to be 
described later show that in the latter animals at least, there is a direct relation 
between ascorbic acid level in the adrenals and adaptation to cold (as measured 
by weight curves) ; it is possible that the same relation between ascorbic acid 
content of adrenals and adaptation to cold may hold as well for rats, but the 
results obtained so far are too few to state anything more in regard to the 
adrenals of rats than for the other organs of the same animal, namely, that 
there is an increase in ascorbic acid content during exposure to cold. 


B. It was mentioned previously that two equicaloric diets were used, one 
rich in fat and the other rich in carbohydrate. Does the increase in ascorbic 
acid content, obtained under the conditions described, and existing whatever 
diet is used, differ according to each diet? 

Fig. 2 shows the results obtained with the diet rich in fat (diet A): the 
increase in the ascorbic acid content of the tissues of rats kept in the cold as 
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compared to content of the tissues of those kept at room temperature and fed 
the same diet (A), is important in regard to the liver and kidneys, but not of 
the testes. If Fig. 2 is compared with Fig. 3, which illustrates the results 
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obtained when the diet used is rich in carbohydrate (R), the differences are 
striking: the percentage increase of ascorbic acid in the kidneys was over 80 
with diet R, while it was only 40 as a maximum and finally less than 25 with 
diet A; it reached a plateau of more than 50 in the liver with diet R, whereas 
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the maximum was less than 30 with diet A; finally the increase in the testes was 
quite important—some 35%—with diet R, while it was very small with 
diet A. 

One must keep in mind that the results are presented as increase in per- 
centage, which shows clearly the differences, for a given diet, between cold 
and room temperature, and differences in increase between the two diets; 
but the fact that the increase in ascorbic acid content is more considerable 
when the diet used is rich in carbohydrate does not mean that the actual 
level of ascorbic acid, in the tissues of animals kept in the cold room, is smaller 
when the animals are fed a diet rich in fat: the fact is that the levels of ascorbic 
acid are almost the same for a given tissue after six months of exposure to cold 
with any of the two diets mentioned, but are higher with diet A at room tempera- 
ture at the end of the same lapse of time, as can be seen by Tables I and II, 
which give the average ascorbic acid content of the tissues at normal and cold 
temperature, with diets A and R. Tables I and II also give the average 
initial and final weights of the different groups of rats exposed to cold. 


TABLE I 
Diet A 


AVERAGE ASCORBIC ACID CONTENT, IN MILLIGRAMS PER GRAM, OF THE TISSUES OF RATS EXPOSED 
TO COLD AS COMPARED TO RATS KEPT AT ROOM TEMPERATURE (EACH AVERAGE IS BASED ON AT 
LEAST 10 ANALYSES. ALSO, AVERAGE WEIGHT IN THE COLD ROOM (INITIAL AND FINAL)) 


Average 


Liver Kidneys Testes weight, gm. 


Exposure to cold 


Room | coiq | Room | coig | Room | Coig 


temp. temp. temp. Initial | Final 


24 months 0.252 | 0.312 | 0.182 | 0.252 | 0.218 | 0.243 | 232.8 240.5 
6 months 0.271 |} 0.349 | 0.191 | 0.237 | 0.224] 0.233 | 239.1 299.7 


Difference not statistically significant for the testes. 


TABLE II 
Diet R 


AVERAGE ASCORBIC ACID CONTENT, IN MILLIGRAMS PER GRAM, OF THE TISSUES OF RATS EXPOSED 
TO COLD AS COMPARED TO RATS KEPT AT ROOM TEMPERATURE 


Average 


Liver Kidneys Testes weight, gm. 


Exposure to cold 


Room | | Room | coig | Room | Coig 


temp. temp. temp. Initial Final 


24 months 0.217 | 0.333 | 0.134 | 0.229] 0.207 | 0.293 | 191.7 220.6 
6 months 0.217 | 0.336 | 0.123 | 0.224] 0.192 | 0.261 | 232.6 270.5 


¥ 
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C. The results obtained when the usual diet for rats, Purina ‘Fox Chow’, 
is used, are illustrated in Fig. 4. Here again, the same general phenomenon of 
an increase of ascorbic acid in the tissues of rats exposed and adapted to cold 
may be observed. The results presented here cannot be compared with 
those obtained with the two other diets, since the rats used in the present 
experiment were smaller, and the temperature of exposure to cold was higher 
(4° to 6°C.). It had been observed, in a previous research (2), that a Purina 
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diet was not so efficient for resistance and adaptation to cold as the two other 
diets mentioned, which means that it would probably have been impossible 
to obtain adaptation to cold with Purina diets in rats of the same size (236 
gm.) submitted to the same low temperature (+ 4° to —4° C.) as was done 
with diets A and R. Nevertheless, the temperature used here and the size 
of the animals employed were sufficient to make conspicuous, with Purina 
diet, the same fundamental phenomenon—but only that—as observed with 
the two other diets, i.e., an increase in ascorbic acid content in the tissues of the rats 
exposed to cold. The actual average values for ascorbic acid content in the 
tissues, with Purina diet, at room and at cold temperature, are shown in 


Table III. 
TABLE III 


Dret PurRINA 


AVERAGE ASCORBIC ACID CONTENT, IN MILLIGRAMS PER GRAM, OF THE TISSUES OF RATS EXPOSED 
TO COLD AS COMPARED TO RATS KEPT AT ROOM TEMPERATURE 


Liver Kidneys Testes 


Exposure to 
cold 


Room Room Room 
temp. Cold temp. Cold temp. Cold Initial | Final 


24 months 0.248 | 0.298 | 0.149 | 0.187] 0.199 | 0.256 136 193.5 
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D. Table IV shows the ascorbic acid content of rats that are in poor 
condition or about to die in the cold room (a fact easily seen by such well 
known symptoms as red tail, oedema of the foot and the penis, etc.) as com- 
pared to rats kept at room temperature (the comparison is always made 
between rats of the same age and fed the same diet). It is clear, from Table 
IV, that rats not adapted to cold show a decrease instead of an increase in the 
ascorbic acid content of the tissues, as was shown by rats adapted to cold. 


TABLE IV 
Diets A AND R 


AVERAGE ASCORBIC ACID CONTENT, IN MILLIGRAMS PER GRAM, OF THE TISSUES OF RATS DYING 
IN THE COLD ROOM AS COMPARED TO RATS KEPT AT ROOM TEMPERATURE 


i Average 
Exposure to weight, gm. 
cold 
Room Room Room 
temp. | Cold temp. | Cold temp. | Cold Initial | Final 
4—1 month 0.232 0.189 0.151 0.118 0.224 | 0.215 241.1 211.5 
Decrease of asc. — 18.5% — 21.8% — 4.0% 
acid Not significant 


E. Finally, it has been observed that the increase in ascorbic acid in the 
tissues of the rats exposed and adapted to cold environment is much smaller 
if those animals received daily injections of ascorbic acid (Table V). The 


TABLE V 


AVERAGE ASCORBIC ACID CONTENT, IN MILLIGRAMS PER GRAM, OF THE TISSUES OF RATS EXPOSED 
TO COLD BUT BEING INJECTED DAILY WITH 25 MGM. ASCORBIC ACID 
AS COMPARED TO RATS KEPT AT ROOM TEMPERATURE 


‘ Average 
Liver Kidneys Testes 8 
Ex posure io weight, gm. 
co 
Reom Room Room 
temp. Cold temp. Cold temp. | Cold Initial | Final 


2 months 0.217 | 0.256 | 0.134 | 0.166 | 0.207 | 0.237 180 210 


average ascorbic acid values given in Table V are for rats fed the diet rich in 
carbohydrate, and should be compared with the values given for the same diet 
in Table II. The ascorbic acid contents for liver, kidneys, and testes are, 
respectively, 0.333, 0.229, and 0.293 mgm. per gm. of tissue, when the rats 
exposed and adapted to cold (two months of exposure) do not receive any 
ascorbic acid in their diet; they are, respectively, 0.256, 0.166, and 0.237 for 
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the same tissues when the animals are exposed during the same time to the 
same temperature and also adapted, but receive 25 mgm. of ascorbic acid. 


F. The food consumption has been measured: it amounts to 70 cal. per 
rat at room temperature, and to 100 cal. per rat at low temperature, whether 
the diet used has been the one rich in fat (A) or the one rich in carbo- 
hydrate (R). 

G. The observed increase in the ascorbic acid content of the tissues, in 
rats adapted to cold, together with the two other facts that the increase is 
much smaller when the animals are injected daily with ascorbic acid and that 
animals dying in the cold room show a decrease instead of an increase of 
ascorbic acid, is interpreted as being a defence reaction of the organism 
corresponding to a need for that vitamin at low temperatures, that is a normal 
physiological response for adaptation to cold in animals able to synthesize 
ascorbic acid. 

H. Statistical analysis of all the data presented in Tables I to V shows that 
the probability is always less than 1 in 20 (sometimes as low as 1 in 1,740,000) 
that the differences found for the ascorbic acid content could arise by random 
variation (unless otherwise stated as in Tables I and IV). 


These results raised the question as to the necessity, effect, and fate of 


ascorbic acid in a cold environment for animals unable to synthesize ascorbic 
acid. 
II. The Necessity of Ascorbic Acid for Acclimatization 
of the Guinea-pig to Cold Environments 


The purpose of this further investigation was to prove the hypothesis 
expressed above that, among possible factors, ascorbic acid in relatively large 
doses is necessary for resistance and adaptation to low temperatures in animals 
like guinea-pigs which, like men, rely on exogenous sources of that vitamin. 
The technique used and the results obtained will now be described. 


1. TECHNIQUE 


A. More than 600 guinea-pigs were divided into different lots receiving 
daily (by oral administration) 0.5, 1, 2, 2.5, 5.0, 7.5, 10, 25, and 75 mgm., 


respectively (each lot being subdivided into two groups, one exposed to cold — 


and the other kept at room temperature). The administration of ascorbic 
acid always started at least three weeks before any group was exposed to cold. 
B. All animals were kept in small individual cages (10 by 10 by 7 in.). 
C. The analyses of ascorbic acid, by the same method as that already 
referred to (1) were always made 24 hr. after the last ingestion of that vitamin. 
D. The food (Purina rabbit chow) was given ad libitum and measured 
each day for most of the experiments. 
E. The ascorbic acid was administered by mouth, with a tuberculin 


syringe (0.1 cc. of solutions of different concentrations, depending on the 
experiments concerned). 
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F. The cold room used measured 13 by 13 by 7 ft. The differential of 
temperature was less than 2° C. and the relative humidity averaged 65%. 


G. Constant supply of fresh air was available to the animals in the cold 
room. 


H. The criteria used in all experiments were survival and weight curves, 
not only for the experimental animals in the cold room, but also for the 
controls kept at room temperature. 

I. One of the difficulties in experiments of this kind is to choose a tempera- 
ture, in the cold room, that will make conspicuous the differences in resistance 
and adaptability of the animals. The results described later will show which 
temperatures, taking into account the initial weights of the animals and the 
amount of ascorbic acid received daily, were favourable. 

J. Ina given experiment, all animals used were of the same age, and the 
average weights for all groups compared were approximately the same. 


2. RESULTS 


A. Resistance and adaptation (as measured by weight curves) to cold 
temperatures area direct function of the amount of ascorbic acid received daily. 

This statement is supported by the following experiments, all of which show 
one main thing: all groups of guinea-pigs—receiving different amounts of 
ascorbic acid—behave in the same way and thrive at room temperature, but 
differences appear between groups as the temperature is lowered; in other 
words, groups are eliminated (or lose considerable weight) one by one, as the 
temperature is lowered, according to the amount of ascorbic acid received. Each 
experiment will be considered separately. 

(a). The first experiment is illustrated in Fig. 5. It lasted five months 
with four groups of 15 animals each receiving, respectively, 75, 25, and 2 mgm. 
daily, by mouth, and 25 mgm. daily by subcutaneous injections. It is 
important to mention here that the diet used was at first supplemented with 
carrots and that these were discarded for the last two months of the experi- 
ment. This experiment is the only one in which carrots were used for a while 
and also the only one in which one group received its ascorbic acid by sub- 
cutaneous injections. The repeated injections were detrimental to the 
animals which constantly lost weight, although a paired group, receiving the 
same amount per day of ascorbic acid, but by oral administration, behaved a 
lot better. The injected group was discarded after about one month of 
exposure to cold. With those two exceptions, the actual experiment and all 
the following ones were performed exactly according to the technique described 
above. Exposure to cold, beginning on March 11, with a temperature of — 
8° C., ended on June 5, with a gradually decreasing temperature to —8° C. 
attained on May 20. The weight curves of the controls, kept at room tem- 
perature, were comparable with each other throughout the experiment except 
of course in the case of the injected group, which was also discarded at room 
temperature. 
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At the beginning of exposure to cold, the three groups that lasted till the end 
of the experiment weighed, respectively: 468 gm. (the one receiving 75 mgm. 
a day), 510 gm. (the second, receiving 25 mgm. a day), and 520 gm. (the third, 
receiving 2 mgm. a day). One month later, the first group had made a net 
gain of 24 gm. in average weight, the second had lost 2 gm., and the third had 
suffered a loss of 40 gm. Carrots having been used up to that point, the ex- 
periment was continued without them—to be sure of the amount of ascorbic 
acid ingested by each group—for two more months. It was only when the 
temperature was lowered to —3.5° C. that important differences appeared 
again between the three groups (all groups suffering at first from the lack 
of carrots, but readapting themselves quite rapidly to —1° C., to which they 
were exposed for more than a month) and at —8° C., the differences between 
the three are striking: the first group (75 mgm.), the only one able to gain weight 
at that temperature, had lost only 3 gm. (average) for the whole period of ex- 
posure to cold; the second one (25 mgm.) had lost 100 gm., and the third (2 
mgm.) 170 gm. At the end of the experiment, the animals were killed and 
their tissues analysed for ascorbic acid. The latter results will be discussed 
in a later section. 
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(b). The second experiment (Fig. 6) shows the same phenomenon, with 
three groups receiving less ascorbic acid than previously; the temperature 
used during exposure to cold was 1°C. throughout the experiment, which 
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lasted two months. The three groups of 30 guinea-pigs each received, respec- 
tively, 10, 5, and 0.5 mgm. per day of ascorbic acid and weighed, at the 
moment of exposure to cold, 470, 450, and 448 gm., in the order mentioned. 


The result obtained after 16 days is clear cut; the group receiving 0.5 mgm. 
per day is dramatically losing weight all the time, and is never able to become 
adapted; on the contrary, the two other groups, at the same temperature, are 
soon acclimatized: it must be noted, though, that at the temperature used 
here, no significant difference appears between the two groups (10 and 5 mgm. 
per day), the bigger gain being even in favour of the group receiving 5 mgm. 
perday. At the end of the experiment, the survival is 100% in the two better 
groups, whereas it is 0% in the group receiving the antiscorbutic dose of 
ascorbic acid, that is 0.5 mgm. perday. The controls kept at room tempera- 
ture, for the latter group, all survived throughout the experiment, and even 
gained weight, but not as much as the two other groups. That group (0.5 
mgm.) is the only one, of all those experimented with, which does not grow 
as well as the others at room temperature. 
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(c). Fig. 7 represents the continuation of the preceding experiment, and is 
really a successful attempt to establish differences of adaptation of the two 
better groups mentioned in the preceding illustration (10 and 5 mgm.). Both 
groups adapt themselves easily to 0° C., less easily to —2.5°C.; at —4° C. 
only the group receiving the more ascorbic acid, 10 mgm. against 5 mgm., 
succeeds in becoming adapted. After two months, at the different tempera- 
tures employed, that group (10 mgm.) shows a net gain of some 40 gm. (on 


4 
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the average) whereas the second group is of about the same weight at the end 
as at the beginning of the experiment. 


(d). It has also been possible to show differences in adaptability to cold 
of two other groups of adult guinea-pigs receiving’ daily 7.5 mgm. and 2.5 
mgm., respectively, of ascorbic acid (Fig. 8). At the end of the experiment, 
there was a difference in weight of some 30 gm. in favour of the group receiving 
the more ascorbic acid, whereas both groups averaged the same weight when 
they were transferred from normal to cold temperature. The difference 


noticed really appeared at a temperature of 0° C., and was more obvious 
at —2.5°C. 
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(e). The next experiment dealt with four groups of 20 guinea-pigs re- 
ceiving: the first, 5 mgm., the second, 2 mgm., the third, 1 mgm., and the 
fourth, 0.5 mgm., daily (Fig. 9). As soon as the animals were transferred to 
the cold (0° C.), it was clear that the group receiving 0.5 mgm. would repeat 
exactly the performance illustrated in Fig. 6, namely, a steady loss in weight. 
The three other groups behaved at first somewhat similarly, all losing 
weight but much less than the fourth group: the differences between the 
three first groups really began to appear when the temperature was lowered 
to —1.5° C. and became more and more striking as the experiment proceeded : 
the only group that showed any sign of adaptation was the one receiving the 
largest quantity of ascorbic acid daily; the two others (2 and 1 mgm.) did 
poorly, although the one receiving 2 mgm. did better than the one receiving 
only 1 mgm. per day. 


. 

| 


DUGAL AND THERIEN: ASCORBIC ACID AND ACCLIMATIZATION TO COLD ENVIRONMENT 125 
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(f). The same general phenomenon of a direct relation between the amount 
of ascorbic acid received daily and adaptability to cold environment is illus- 
trated in Fig. 10. The two groups of 15 guinea-pigs treated here received 
daily 10 and 2 mgm., respectively. The first group became acclimatized 
readily, as the temperature was raised from —2° to —1.5°C., whereas the 
other group never succeeded in gaining weight: in all, the 10 mgm. per day 
group lost only 10 gm. when the experiment ended, whereas the group receiving 
five times less ascorbic acid daily lost 55 gm. under the same conditions of 
exposure. 


(g). Fig. 11 shows the typical behaviour of all the groups (except the one 
receiving 0.5 mgm. per day) at room temperature. The two groups of 25 
guinea-pigs each, chosen to illustrate that behaviour, are the ones receiving 
10 and 2 mgm. a day. The difference in ascorbic acid ingested each day by 


each group does not have any significant effect on the growth curves at that 
temperature. 


B. There is a relation between resistance and adaptation to cold temperatures 
and the ascorbic acid level in the tissues, especially in the adrenals. 
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This is clear from Table VI, which represents the ascorbic acid content of 
the liver, kidneys, and adrenals of animals killed at the end of the experiments 
already described. The values given are comparable for a given experiment, 
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but not between the different experiments, since in the latter case the condi- 
tions of temperature, duration of exposure to cold, and age of the animals at 
the time they were sacrificed are all different. 

It is obvious, from Table VI, that for each experiment, the acclimatization 
process (as judged by the differences between average initial weights and 
average final weights, expressed as gain or loss per cent) has been more 
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TABLE VI 


ASCORBIC ACID CONTENT OF THE TISSUES OF GUINEA-PIGS EXPOSED TO COLD 
IN RELATION TO THEIR DEGREE OF ACCLIMATIZATION 


Amount Duration Gain in Average! ascorbic acid 
ascorbic acid| of treatment Duration 
Expt. Temperature of |weight during content, mgm. /gm. 
received with of exposure pa 
No. exposure, ° C. exposure to 
daily, ascorbic acid, to cold cold, % 

mgm. months silts Liver |Kidneys| Adrenal 
3002 75 5 4 months +8 to-8 - 04 0.113 0.052 0.750 
25 5 4 months - —19.6 0.139 0.046 0.395 
2 5 4 months “ —-31.3 0.044 0.022 0.072 
3005 10 4 3 months +1to —4 + 8.3 0.132 0.054 0.552 
5 4 3 months ° + 0.8 0.063 0.030 0.309 
0.5 13 16 days +1° > —40 0.051 0.025 0.036 
3011 7.8 3 2 months +1to —2.5 + 7.0 0.084 0.040 0.437 
2.8 3 2 months ” + 2.6 0.059 0.027 0.272 
3016 5 24 14 months Oto —1.5 —12.0 0.066 0.033 0.221 
2 24 14 months —“ —22.5 0.063 0.025 0.133 
1 24 14 months 7 —29.1 0.055 0.022 0.124 
0.5 13 17 days o° >-—40 0.030 0.024 0.035 
3030 10 2 1 month —2to —1.5 — 3.3 0.089 0.039 0.647 
2 2 1 month = —13.0 0.053 0.024 0.313 


1 Average always based on at least 10 analyses. 


N.B.—One must keep in mind that the figures presented for the ascorbic acid content in the 
tissues of a given group may vary for the same group (from one experiment to the other ), on account 
of the different temperatures used and the different ages of the animals. 


successful in the groups that have a higher level of ascorbic acid in their 
tissues. The relation between ascorbic acid content of tissues and ease of acclima- 
tization always holds (in a given experiment) for the adrenals, but suffers some 
exceptions for the liver and kidneys. 

It must be noted that in Table VI, Expt. 3002, the results of one group 
have been omitted, owing to the fact that the group mentioned (25 mgm. by 
subcutaneous injections) was discarded two months before the end of the 
experiment, and so the ascorbic acid content of the animals of that group is 
not comparable with those of the others exposed longer to cold. 

C. The relation between ascorbic acid levels in the adrenals and adaptation to 
cold not only holds when different groups of the same experiment are compared, 
but becomes more precise when the individuals of one given group are compared 
with each other in that respect, the conditions in the latter case being more strictly 
com parable. 


The criterion used for appreciating the degree of acclimatization to cold 
being elementary (per cent of increase or decrease in weight of individuals), 
one cannot expect to find too close a relation between the ascorbic acid content 
of the adrenals and the degree of adaptation as expressed. Nevertheless, 
there is a strong indication, from Figs. 12 and 14, that the smaller the loss in 
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weight in individual guinea-pigs exposed to cold, the greater the ascorbic 
acid content in the adrenals. Fig. 12 shows such a relation for guinea-pigs 


RELATION BETWEEN ASCORBIC ACID CONTENT 
in the ADRENALS and the degree foKe) 
of ACCLIMATIZATION to COLD. 
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receiving 10 mgm. daily of ascorbic acid and exposed to cold (0° C.) for 15 
days. The same relation does not seem to exist any more in fully acclimatized 
animals of the same group (30 days of exposure to cold). In other words, it 
seems that the relation holds during the process of acclimatization, but not in 
fully acclimatized animals, nor does it appear at room temperature (Fig. 13). 
(N.B.—Straight lines have been fitted by the method of the least squares.) 

As was shown in a previously described experiment (Fig. 10), it takes more 
time for a group of guinea-pigs receiving 2 mgm. daily of ascorbic acid to 
become adapted to a given cold temperature (—1.5°C.) than for another 
group receiving 10 mgm. of that vitamin per day. From that result, one would 
expect that the relation found to occur during the process of acclimatization 
(Fig. 12) should appear later (at the same temperature) for the group receiving 
2 mgm. daily than for the group receiving 10 mgm. That this is the case is 
indicated in Fig. 14. The relation appears only after 30 days (instead of 15) 
for the group receiving 2 mgm. daily. Fig. 15 is for room temperature. All 
animals (cold and normal temperature) have been treated concurrently the 
same length of time with ascorbic acid. 


It must be added that no such relation as the one just described has been 


- found to exist between ascorbic acid content in the liver or kidneys and 


acclimatization to cold, although there is, in general, more ascorbic acid in 
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those organs in groups getting more easily acclimatized—because they received 
more ascorbic acid (see Table VI). 
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D. -Animals about to die (at cold temperatures) have much less ascorbic acid 
in the adrenals than control animals kept at room temperature. That is 
obvious from Table VII. No decrease in the ascorbic acid contents of the 
liver or kidneys has been found under the same conditions. 
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TABLE VII 
Ascorbic Adrenals, ascorbic acid content, mgm./gm. 
acid given each | Rectal temp. ° C. 

day, mgm. Expected Found -% 

2 25 0.228 0.032 

2 25 0.228 0.054 

2 23 0.228 0.028 

2 20 0.228 0.031 

2 20 0.228 0.053 

0.5 28 0.175 0.016 

5 30 0.399 0.249 

5 18 0.399 0.215 

5 19 0.399 0.206 

1 15 0.552 0.438 

10 21 0.710 0.195 
Average 0.343 0.138 —60% 


GROUP RECEIVING 2 mgs. DAILY FOR 
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E. More ascorbic acid is retained in the tissues of the guinea-pigs kept 
at cold temperatures (here again especially in the adrenals) than in the same 
tissues of control animals of the same age, receiving the same amount of 


TABLE VIII 
Ascorbic en of Average weight during Average ascorbic acid 
acid given on exposure, gm. content, mgm./gm. 
daily, exposure 
mgm. Initial Final Liver Kidneys | Adrenals 
10 15 436.1 379.5 0 0.096 0.041 0.550 
10 0 420.4 498.0 20 0.065 0.035 0.369 


Increase in ascorbic acid content at 0° C.: liver, 48%; kidneys, 17%; adrenals, 49%. 
Statistical analysis of Table VIII shows that the difference is highly significant for the liver (t = 
4 


the kidneys (t = 0.9, p = 0.4). 


less than .0001) and for the adrenals (t = 2.96, p = less than .01) but hardly so for 
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ascorbic acid daily, during the same lapse of time, but kept at room tempera- 
ture. Two groups have been compared, those receiving 10 and 2 mgm. of 
ascorbic acid per day, respectively. Tables VIII and IX show the com- 
parisons for the first group, Tables X and XI for the second group. Each 
result presented in these tables is an average based on at least 15 analyses. 

The increase in ascorbic acid in the tissues (especially the adrenals) of 
animals exposed to cold is much smaller after 30 days than after 15 days 
(Tables VIII and IX) for the group receiving 10 mgm. daily (the group more 
easily acclimatized of the two compared here); on the contrary, the ascorbic 
acid increase in the adrenals is somewhat greater after 30 days than 15 days 
of exposure to cold (Tables X and XI) for the group receiving only 2 mgm. 
daily of ascorbic acid (the group less easily acclimatized). 


TABLE IX 
Ascorbic | fp... of | Average weight during Average ascorbic acid 
acid given exposure, gm. content, mgm./gm. 
daily, old exposure 
mgm. - Initial Final Liver Kidneys | Adrenals 
10 30 415.2 392.4 0 0.089 0.039 0.647 
10 0 427.8 505.5 20 0.085 0.040 0.492 


Increase in ascorbic acid content at 0° C. 


: liver, 4.5%; kidneys, —2.5%; adrenals, 31.5%. 


Statistical analysis of Table IX shows that the difference for the adrenals is still significant 
(t = 2.06, p = .05) but not significant for the liver and kidneys. 


TABLE X 
Ascorbic Average weight during Average ascorbic acid 
acid given exposure, gm. content, mgm./gm. 
daily, exposure 
mgm. Initial Final Liver Kidneys | Adrenals 
2 15 427.8 321.1 0 0.047 * 0.024 0.303 
2 0 427.5 508.9 20 0.040 0.024 0.225 


Increase in ascorbic acid at 0° C.: liver, 17.5%; kidneys, 0%; adrenals, 34.6%. 
differences that appear in Table X are statistically highly significant for the adrenals (t = 2.84, 
b = .01) but much less for the liver (t = 1.55, p = .22). 


The 


TABLE XI 
Ascorbic Deus af Average weight during Average ascorbic acid 
aily, exposure 
mgm. to cold Initial Final Liver Kidneys | Adrenals 
2 30 433 382.5 0 0.053 0.024 0.313 
2 0 445.1 539.6 20 0.046 0.024 0.228 
Increase in ascorbic acid at 0° C.: liver, 15%; kidneys, 0%; a, 37.3%. Only the 
difference found for the adrenals is statistically significant (t = 2.85, p = .01). 
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Those results are really parallel to the phenomenon described in Figs. 12 
to 15. 


F. The amount of food ingested daily increases at cold temperatures, but 
is approximately the same for all groups studied, whatever the quantity of 
ascorbic acid may be for each group. The results, based on 15 animals of 
each group studied during two months (that study is concerned with the same 
animals first at room temperature, then in the cold room), show an average of 
10.5 gm. of ‘Purina Rabbit Chow’ per 100 gm. of animal at room temperature, 
and an average of 14.2 gm. per 100 gm. of animal at —1.5°C. The ascorbic 
acid being given by mouth independently of the diet, the daily quantity ingested 
is constant for a given group. 

G. If administration of ascorbic acid is discontinued in the cold room, the 
survival of the different groups of guinea-pigs is a function of the amount of 
ascorbic acid received previously. That is also true at room temperature, 
but the survival is about twice as long at room temperature as at 0° C. for 
guinea-pigs weighing approximately 400 gm., and having received the same 


treatment previously, i.e., the same daily amount of ascorbic acid (Figs. 
16 and 17). 
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III. Summary and Conclusions 
1. First Part (White Rat) 


A. An increase (as much as 80%) in the ascorbic acid content of the 
tissues (liver, kidneys, testes) of rats exposed for long periods to cold tempera- 
tures (and adapted) was observed. In relation with this result, it is interesting 
to mention the observation of Rodahl (13) that the ascorbic acid content of 
an arctic plant is higher in northeast Greenland than that of one of the same 
species in southeast Greenland. 
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B. The increase mentioned is much smaller if the rats exposed to cold 
environment are injected daily with ascorbic acid. 


C. The same phenomenon has been observed in the same tissues and also 
in the adrenals of a few rabbits. 
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D. Rats dying in the cold have a very low content of ascorbic acid; as a 
matter of fact, their tissues show a decrease in that vitamin instead of an 
increase. 


E. The increase in ascorbic acid content is present whatever diet is used, 
but the increase is smaller with a diet rich in fat than with a diet rich in 
carbohydrate. That difference between the effects of the two diets is in 
accord with the fact already demonstrated in previous experiments (2), that 
a diet rich in fat is much better for survival and growth of the rats, in the 
cold room, than an equicaloric diet rich in carbohydrate. In other words, 
the more difficulty there is for an animal like the rat to survive intense cold 
or to become adapted to it, the greater is the increase of ascorbic acid in its 
tissues. 


F. The caloric intake increases in the cold (from 70, at room temperature, 
to 100 cal. per rat per day in the cold room, whether the diet used is the one 
rich in fat or the one rich in carbohydrate). 

2. Second Part (Guinea-pig) 

This part was an attempt to prove experimentally that in animals relying 
on exogenous sources of ascorbic acid, the latter is necessary for resistance 
and adaptation to cold environment, the lower the temperature, the more 
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ascorbic acid being needed. For that purpose, work has been performed on 
more than 600 guinea-pigs divided in groups receiving daily (by oral adminis- 
tration) 0.5, 1, 2, 2.5, 5.0, 7.5, 10, 25, and 75 mgm., respectively (each lot 
subdivided into two groups, one exposed to cold and the other kept at room 
temperature). Under the conditions of experimentation described at length 
previously, the following results were obtained: 

A. Resistance and adaptation (as measured by weight curves) to cold 
temperatures depend on the amount of ascorbic acid received daily. All groups 
of guinea-pigs behave in the same way and thrive at room temperature, but 
differences appear between groups as the temperature is lowered, the only 
group able to become acclimatized at the lowest temperature used (—8°C.) 
being the one receiving the most ascorbic acid daily (75 mgm.). In other 
words, groups are eliminated (or lose considerable weight) one by one, as the 


- temperature is lowered, the first one to be eliminated being the one receiving 


0.5 mgm. per day, the last one, that receiving 75 mgm. daily. 

B. Resistance and adaptation to cold temperatures depend on the ascorbic 
acid level in the tissues, especially in the adrenals, as has been observed by 
comparing different groups exposed to the same cold temperature. 

C. There is a strong indication that the relation between ascorbic acid 
levels in the adrenals and adaptability to cold holds not only for the groups 
receiving the different doses mentioned, but also for all individuals within a 
group, during the process of acclimatization (the individuals having less ascorbic 
acid in their adrenals losing more weight per cent or gaining less weight per 
cent—depending on the amount of ascorbic acid received, the temperature of 
the experiment, the duration, the initial weight of the animals, the possible 
individual differences in the capacity for absorbing ascorbic acid, etc.). It is 
interesting to note the correlation between that finding and those of Giroud 
and his collaborators (4, 5, 6) on the connections between ascorbic acid in the 
adrenal cortex and the hormonal activity of the latter. On the other hand, 
the work of Hartman, Brownell, and Crosby (8), Selye and Schenker (15), 
Tyslowitz and Astwood (16) has shown the effect of adrenal cortical extracts 
in increasing the resistance to cold in adrenalectomized white rats. It is 
clear that that single finding of ours, in the light of the findings of Giroud and 
others, opens a wide field for speculation, but intense work focused on that 
point being presently under way, more speculation would be futile here. Let 
it be said, at least, that the relation between ascorbic acid content in the 
adrenals and the process of acclimatization to cold temperatures, as described 
here, postulates the probable beneficial effect of that vitamin for animals unable 
to synthesize it, in all cases where the response of those organisms to a stress of 
some sort (toxic effects, intense work, and all damaging agents causing the 
‘alarm reaction’ (14) ) involves some activity of the cortex of the adrenal glands. 

D. Animals about to die (at cold temperatures) have much less ascorbic acid 
in their adrenals than control animals kept at room temperature. 

E. There is also an indication that more ascorbic acid is retained in the 
adrenals of guinea-pigs kept at cold temperatures, during the first weeks of 
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exposure to cold (process of acclimatization), than in the adrenals of control 
animals of the same age, receiving the same amount of ascorbic acid daily, 
but kept at room temperature. That increase seems to be less after the animals 
have become fully acclimatized to cold. It is interesting to note that the same 
phenomenon has been observed in rats exposed to cold. 

F. The amount of food ingested daily is approximately the same for all groups 
studied, whether at normal or cold temperatures. The ascorbic acid being 
given by mouth independently of the diet, the daily quantity ingested is constant 
for a given group. 

G. If the administration of ascorbic acid is discontinued during exposure 
to cold, the survival of the different groups of guinea-pigs depends on the 
amount of ascorbic acid received previously. That is also true at room 
temperature but the survival is about twice as long at room temperature as 
at 0°C. That finding is contrary to the results of Mouriquand (10). 

It is concluded that ascorbic acid seems to be necessary for resistance and 
adaptation to cold environments for animals, like guinea-pigs, unable to syn- 
thesize that vitamin. It was gratifying to read, after our experiments on rats 
and guinea-pigs had been completed, the observations of the ‘Musk-Ox’ ex- 
pedition (11) regarding the ascorbic acid content of the urine of man, showing 
that there is less ascorbic acid in the urine of humans when the environment 
is colder; also, the results of Glickman, Keeton, Mitchell, and Fahnestock (7) 
who found that a diet low in water soluble vitamins does impair the muscular 
endurance in man, especially during exposure to cold, and who ‘“‘feel” that 
the results obtained from the index of fatigue, in such conditions, must be 
due to the low intake of ascorbic acid (33 to 34 mgm. per 3000 cal.), ‘if due 
to lack of any one particular vitamin’’. 
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RESUME 


Les résultats exposés dans le présent mémoire montrent l’importance de 
l’acide ascorbique dans les phénoménes d’acclimation au froid. Chez un 
animal tel que le Rat blanc qui est capable de synthétiser la vitamine C, la 
teneur en acide ascorbique des tissus augmente considérablement aprés exposi- 
tion prolongée et adaptation au froid (+ 4° 4 — 4°C.). Ce phénoméne 
n’apparait pas si les rats soumis aux basses températures recoivent un 
supplément d’acide ascorbique. 

D’autre part, chez les sujets qui ne peuvent s’adapter au froid, et qui 
meurent au cours des essais, c’est une diminution de la teneur des tissus en 
acide ascorbique que l’on enregistre. Ainsi, l’adaptation au froid—et non 
seulement la vie aux basses températures—exige-t-elle de grandes quantités 
d’acide ascorbique. Les mesures réalisées chez le cobaye, incapable de 


- synthétiser la vitamine C, confirment entiérement cette conclusion. Chez 


cet animal, résistance et adaptation au froid dépendent de la quantité d’acide 
ascorbique ingérée chaque jour. De plus, les tissus retienment plus d’acide 
ascorbique chez tous les sujets qui réussissent 4 s’acclimater aux basses 
températures que chez les animaux-témoins vivant 4 température normale. 
Enfin, pendant toute la durée de l’acclimation au froid, il existe chez le cobaye 
une relation directe entre la teneur en acide ascorbique de la surrénale et les 
possibilités d’adaptation. 


. 
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A MICROPIPETTE SUITABLE FOR THE CUTANEOUS 
APPLICATION OF VESICANTS'! 


By LEsLIE Younc? 


Abstract 


A description is given of the construction, use, and accuracy of a simple 
ae suitable for the cutaneous application of vesicants in amounts 
as small as 1 mgm. 


Introduction 


The instrument described in the present paper was developed in 1941 for 
measuring small amounts of liquid vesicants on to the skin of experimental 
animals (1). Micropipettes of this type were used in this laboratory from 
1941 to 1945 for the administration of such vesicants as mustard gas, lewisite, 
and certain of the ‘nitrogen mustards’. Although designed to meet the 
need for an instrument suitable for dosing animals with vesicants, this type 


of micropipette has proved useful for other quantitative operations requiring © 


the delivery of liquids in amounts as small as 1 mgm. 


It is desirable that an instrument for the application of a measured amount 


. of a vesicant to the skin of an experimental animal should be accurate, easily 


manipulated, and readily decontaminated. Its use, with ordinary care, 
should not expose the operator to the risk of being contaminated with the 
vesicant. The micropipette described herein fulfils these requirements and 
in addition it is easily constructed. Fig. 1 is a diagram of the instrument. 


Construction of the Micropipette 


The instrument consists of three main parts: (1) the pipette, (2) the barrel, 
and (3) the flow control bulb. 


The pipette is made from Pyrex capillary glass tubing that has been care- 
fully cleaned. A small amount of mercury is drawn into the capillary tube 
and the length of the mercury thread is measured at various positions in the 
tube in order to check the uniformity of the bore. The mercury used in this 


operation is then weighed and the size of the bore is calculated. If the size - 


and uniformity of the bore are satisfactory, the pipette is made by drawing 
out the tubing and cutting it so that the tapered portion of the pipette is 
20 to 30 mm. in length and about 1.5 mm. in diameter at the tip. The edge 
of the tip of the pipette is rubbed lightly on emery paper so that the tip is 
bevelled for a distance of about 2 mm. The pipette is then cleaned and 
provisional graduations are marked on it on the basis of calculations made 
from the size of the bore and the density of the vesicant for which the pipette 
is to be used. The graduation mark nearest the tip should be at least 10 mm. 


1 Manuscript received February 17, 1947. 


Contribution from the Department of Biochemistry, University of Toronto, Toronto, Ont. 
2 Professor of Biochemistry. 
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from the point where the pipette begins to taper. The amounts of vesicant 
delivered by the pipette are then determined by weighing. Any necessary 
adjustments in the positions of the graduations are made and the amounts 
of vesicant delivered are checked by weighing. The graduations are marked 
on the pipette by means of a diamond pencil. 


The barrel of the instrument is made from a Pyrex glass test tube (125 mm. X 
15mm.). A glass sidearm, 8 mm. in diameter and 30 mm. in length, is 
attached at right angles to the test tube at a distance of 20 mm. from the 
closed end. <A hole, about 4 mm. in diameter, which serves as the flow control 
opening, is blown 20 mm. from the mouth of the test tube and on the opposite 
side to the sidearm. As shown in Fig. 1, the pipette is fitted into the barrel 
of the instrument through a rubber stopper. 


Pipette 


Flow control opening Barrel 


Flow control bulb 


cm.of rubber tubing” 


Fic. 1. Diagram of the micropipette. 


The flow control bulb is attached by a short length of glass tubing to one 
end of about 50 cm. of rubber tubing, the other end of which is connected to 
the sidearm of the barrel. Although a rubber bulb of the type used for 
medicine droppers serves as a suitable flow control bulb under most conditions, 
a larger bulb can sometimes be used with advantage. 


Method of Using the Micropipette 


The instrument is held like a pen, with the fingers and thumb of the right 
hand around the barrel in such a way that the tip of the right index finger 
covers the flow control opening. The flow control bulb is held between the 
fingers and thumb of the left hand. 


The pipette is filled with vesicant to a selected graduation mark by the 
following method. (1) The flow control opening is uncovered by raising the 
right index finger. (2) The flow control bulb is compressed between the 
fingers and thumb of the left hand. (3) The flow control opening is closed 
with the tip of the right index finger. (4) The tip of the pipette is dipped 
just below the surface of the vesicant. (5) The pressure on the flow control 
bulb is gradually released, thereby drawing vesicant into the pipette. (6) 
When the meniscus reaches the selected graduation mark, the flow of vesicant 
into the pipette is stopped by raising the finger covering the flow control 
opening. (7) The pipette is then withdrawn from the vesicant, held in a 


| ‘ 
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horizontal position, and the vesicant adhering to the outside of the pipette 
is removed carefully with a filter paper. 

A measured amount of vesicant is delivered from the pipette by the follow- 
ing method. (1) The instrument is held so that the tip of the pipette is just 
touching the surface to which the vesicant is to be applied. (2) The flow 
control opening is closed by covering it with the tip of the right index finger. 
(3) The flow control bulb is compressed so that vesicant is delivered slowly 
from the pipette. (4) When the meniscus reaches the selected graduation 
mark, the flow of vesicant is stopped by raising the finger covering the flow 
control opening. 

In order to clean the pipette at the end of a series of measurements, it is 
first emptied of vesicant as completely as possible. A liquid in which the 
vesicant is soluble is then drawn into the pipette and expelled by the method 
described above. This operation is repeated several times and the pipette is 
wiped with a filter paper. The pipette is then withdrawn from the barrel, 
the upper end is inserted into pressure tubing attached to a filter pump, and 
solvent is drawn through the pipette by suction. Ethanol, ether, and finally 
air are drawn through the pipette, and when dry it is ready for use again. 
Care must be taken to ensure that any liquid drawn into the pipette is free 
from suspended particles, for these are liable to clog the capillary. If clogging 
does occur, the tapered end of the pipette is inserted in the pressure tubing 
attached to the filter pump. By immersing the other end of the pipette in a 
suitable liquid (e.g. ethanol) and applying suction, the material clogging the 
capillary can usually be removed without difficulty. 


Accuracy of the Micropipette 


The data in Table I are given as an example of the degree of accuracy that 
has been obtained with micropipettes of the type described herein. The 


TABLE I 


THE WEIGHTS OF MUSTARD GAS DELIVERED AT 20° To 22° C. BY A MICROPIPETTE GRADUATED 
TO DELIVER 1.0 MGM. AND 5.0 MGM. OF THE VESICANT 


Measurement | Mgm. of vesicant a Mgm. of vesicant er 
No. delivered Deviation delivered Deviation 

1 1.01 0.00 5.03 0.01 

2 1.03 0.02 5.03 0.01 

3 0.99 0.02 5.04 0.00 

+ 0.99 0.02 5.02 0.02 

5 1.02 0.01 5.03 0.01 

6 0.97 0.04 5.06 0.02 

7 1.03 0.02 5.05 0.01 

8 1.00 0.01 5.05 0.01 

9 0.99 0.02 5.09 0.05 

i0 1.04 0.03 5.04 0.00 

Mean 1.01 0.02 5.04 0.01 
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pipette that was used to obtain this data was graduated to deliver 1.0 mgm. 
and 5.0 mgm. of mustard gas (m.p. 14.3° C.) and Table I shows the weights 
of this vesicant delivered in a series of 10 measurements of each of these 
amounts. Each portion of mustard gas was delivered at approximately the 
same rate into a separate weighing bottle, which was then stoppered and 
weighed on a microbalance. The bore of the capillary of the pipette (diameter, 
0.37 mm.) was such that the distance between the zero mark and the 5.0 
mgm. graduation was 36.5 mm. In the two series of measurements the mean 
weights (+ standard deviations) of mustard gas delivered were 1.01 + 0.023 
mgm. and 5.04 + 0.021 mgm., and the maximum deviations from the mean 
values were 0.04 mgm. and 0.05 mgm., respectively. In most types of 
experiment in which animals are dosed on the skin with mustard gas, no 
significance would attach to errors of the magnitude of those introduced by 
the use of this micropipette for the measurement of the vesicant. 


Reference 
1. Younc, L. Report to Directorate of Chemical Warfare, Canada. 1941. 
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OBSERVATIONS ON THE EFFECTS OF MUSTARD 
GAS ON THE RAT! 


By LEsLIE Younc? 


Abstract 


Certain aspects of the local and systemic action of mustard gas in the rat were 
studied. A quantitative investigation was made of the local oedema that 
developed following the application of 5 mgm. of mustard gas to the skin of the 
rat. Evidence was obtained that a change in the permeability of the blood 
vessels situated directly under the dosed surface occurred in less than five 
minutes after the application of the mustard gas. For 12 to 18 hr. after dosing, 
fluid accumulated in the vicinity of the site of dosing. The oedema then douly 
subsided and 72 hr. after dosing the water content of the skin and subcutaneous 
tissue in the contaminated region was close to the normal value. When mustard 

s was applied to the skin of the mid-lumbar region of the rat, the LDso was 

ound to be between 9 and 12 mgm. per kgm. body weight. The LDso of mustard 

gas injected subcutaneously in the form of a 0.2% (wt./vol.) solution in sesame 
oil was between 1.5 and 1.8 mgm. per kgm. body weight. The toxicity of 
mustard gas to male rats did not appear to differ from its toxicity to female rats. 
Whereas rats died in a few hours after the cutaneous application of very large 
doses of mustard gas (600 mgm. ~ kgm. body weight), the great majority of 
the animals that died following the application of mustard gas in doses up to 
60 mgm. per kgm. body weight did not die until 72 to 120 hr. after being dosed. 
In these animals, anorexia, progressive loss of body weight, distension of the 
stomach with fluid, congestion of the intestine, and severe diarrhoea were 
observed. Effects similar to those just described were observed after lethal 
amounts of mustard gas up to 6 mgm. per kgm. body weight had been given to 
rats by subcutaneous injection, and most of these animals died in the period 72 
to 120 hr. after being dosed. The administration of sublethal doses of mustard 
om rarely gave rise to diarrhoea, and any fall in food and water intake and 
oss of body weight that occurred were slight and of short duration. 


Introduction 


In the researches on mustard gas, bis(8-chloroethyl)sulphide, that were 
carried out in this laboratory from 1940 to 1945, the experimental animal 
used most frequently was the rat. Little information concerning the action 
of mustard gas on the rat was available at the outset of the work. Studies (12, 
13) had been made of the local lesions produced by this agent in animals of 
several other species, however, and it had also been established that exposure 
to mustard gas can give rise to a systemic intoxication in which there is injury 
to the gastrointestinal tract (4) and the haematopoietic tissues (1, 3, 6, 7, 8). 
These and other effects of mustard gas were the subject of investigations in 
various laboratories during World War II, and during this period it was also 
found that certain other B-chloroethyl compounds, e.g. methylbis(8-chloro- 
ethyl)amine and tris(8-chloroethyl)amine, produce effects in animals similar 
to those brought about by mustard gas (2). 

The present paper contains an account of.a study of the toxicity of mustard 
gas when administered to the rat, together with a description of certain effects 
of mustard gas observed during the ceurse of the toxicity determinations. 

1 Manuscript received February 17, 1947. 
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This work was carried out in 1940-41 (14, 15). From 1941 to 1945, tracer 
studies using mustard gas with radioactive sulphur (S**) incorporated in the 
molecule formed the major part of the work on mustard gas carried out in 
this laboratory. These researches included an investigation of the interaction 
of radioactive mustard gas and the skin of the rat (9). In connection with 
this problem a quantitative study was made of the local oedema that develops 
following the application of mustard gas to the skin of the rat (16), and a 
description of this work has been included in the present paper. 


General Methods 


All the animals used were white rats of the same strain from the colony of 
the Department of Biochemistry, University of Toronto. Ether was employed 
whenever it was necessary to anaesthetize the animals. The rats used each 
weighed between 150 and 185 gm. at the time of dosing and, except where 
otherwise noted, equal numbers of males and females were used under each 
set of experimental conditions. In all experiments in which mustard gas 
was administered to the rats, the hair was first removed from the skin at and 
around the site of application or injection. The hair was clipped with electric 
shears, and it was then cut with scissors as closely to the skin as possible. 
Mustard gas was measured on to the skin from a micropipette of the type 
described in the following paper'(17). Injections of solutions of mustard gas 
were made by means of a 1 ml. tuberculin syringe, with 0.01 ml. graduations, 
fitted with a No. 24 needle. All dosing experiments were conducted in a 
room whose temperature was maintained at 25 + 1° C. Two specimens of 
mustard gas were used: Specimen A, m.p. 13.8° C., was a very pale yellow 
colour; Specimen B, m.p. 14.3° C., was colourless. 

The rats used in the oedema experiments and for the determination of the 
toxicity of mustard gas (Specimen B) received a diet of Master Fox Breeding 
Ration (Toronto Elevators Limited) after they had been dosed. Previous 
to this they received this diet together with fresh milk daily and whole 
wheat bread twice a week. The animals used in all other experiments received 
a diet of the following composition: ground corn, 50; dried milk, 25; linseed 
meal, 15; casein, 3.5; alfalfa meal, 1.5; calcium carbonate, 0.5; sodium 
chloride, 0.5; yeast powder, 2; and cod liver oil, 2 parts. Unless otherwise 
stated, the rats were provided with food and water ad libitum. 


The Oedema Produced by the Application of Mustard 
Gas to the Skin of the Rat 


Although the application of mustard gas to the skin of the rat does not give 
rise to vesication, it does lead to the development of local oedema. Evidence 
of the rapidity with which the cutaneous application of mustard gas is followed 
by a change in the permeability of the blood vessels under the dosed surface 
was obtained in experiments in which rats were each given an intravenous 
injection of 0.1 ml. of a 5% solution of Evans Blue. Immediately after the 
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injection of the dye, each animal was dosed on the skin of the lumbar region 
with 5 mgm. of mustard gas. Within three to five minutes the skin at the 
site of contamination began to turn blue, although no passage of dye out of 
the blood stream was observed to occur elsewhere. It appears, therefore, 
that the penetration of mustard gas into the skin of the rat is followed almost 
immediately by a local increase in vascular permeability. This gives rise to 
the accumulation of fluid under the dosed surface and a marked oedema 
develops in the course of a few hours. In order to make a quantitative 
study of this process, measurements were made of the water content of 
standard portions of skin and subcutaneous tissue at and around the site of 
contamination at various times after the application of mustard gas to the 
skin of the rat. Measurements were also made of the water content of control 
portions of tissue taken from the dosed animals, and from rats that had not 
been dosed with mustard gas. 


The experiments were carried out in the following manner. Eight rats 
(four males and four females) were used for each time interval studied (30 min. 
and 1, 2, 3, 4, 6, 8, 10, 12, 18, 24, 48, and 72 hr. after dosing). Each rat was 
anaesthetized and after the hair of the lumbar region had been cut by the 
method already described, 5.0 mgm. of mustard gas (Specimen B) were spread 
evenly over a circle of skin, 1 cm. in diameter, the centre of which was lateral 
to the third lumbar vertebra and 1.6 to 1.9 cm. from it. In each group, two 
male and two female rats were dosed on the skin to the left of the spinal 
column and the remaining four animals were dosed on the skin to the right. 
Anaesthesia was continued for 30 min. after dosing. Except in the experi- 
ments of 30 min. duration, the animals were then placed in separate metal 
cages. At the end of the experimental period, a circle, 2.4 cm. in diameter, 
was marked on the skin so that the centre of the circle coincided with the 
centre of the dosed area. A circle of the same diameter was marked on the 
undosed skin in the corresponding position on the opposite side of the spinal 
column. The circles were marked by wetting the edge of a glass tube (2.4 cm. 
in diameter) with ink, and applying this lightly to the skin of the anaesthetized 
animal. The circle of skin on the left of the rat and the subcutaneous tissue 
that came away freely with it were then carefully excised in a single piece and 
placed in a stoppered weighing bottle. The circle of skin from the opposite 
side was then excised in the same manner and placed in another weighing 
bottle. Each portion of excised material was weighed, heated to constant 
weight at 105° C., and the percentage of water present at the time of excision 
was calculated. The results obtained are summarized in Table I. 

Two control experiments, each with a group of eight rats, were conducted 
in the manner just described, except that the animals were not dosed with 
mustard gas. In these experiments each mean value reported (see Table I) 
was calculated from the values obtained for four portions of tissue excised 
from the left sides of the rats and four portions from the right sides. From 
all these control experiments a mean value (+ standard error) of 68.6 + 0.3% 
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TABLE I 


THE EFFECT OF CUTANEOUS APPLICATION OF MUSTARD GAS ON THE WATER CONTENT 
OF THE SKIN AND SUBCUTANEOUS TISSUE OF THE RAT!. ! 


Interval Dosed region Undosed region 
oes ae | Wet wt., | Dry wt., Wet wt., | Dry wt., 
— of mgm mgm. Water, % mgm. mgm Water, % 
30 Min. 641 + 30 | 200 + 9 | 68.840.7 | 636 + 29 | 206 +11 | 67.640.7 
1 Hr. 674 +31 | 205 + 12 | 69.84+0.9]| 641 +43 | 204+13 | 68.4+0.8 
* 777 + 38 | 215 + 7 | 72.341.0]| 650 + 26 | 220 +11 | 66.2 +1.0 
904 +22] 210+ 9 | 76.84+0.9} 576+ 16 | 193+ 9] 66.5 +1.0 
gpa 1622 + 39 | 229 + 11 | 77.6+1.0| 596 + 43 | 205 +17 | 65.6+0.6 
6 ¢ 1099 + 62 | 240 + 18 | 78.2 41.0] 612 +31 | 212+ 7] 65.3 
1191 + 39 | 239+ 9 | 79.9+1.1]| 584 +18 | 204+ 8 | 65.1+0.7 
1377 + 67 | 259 + 9 | 81.2 40.7 | 613 + 26 | 219+ 7 | 64.34+0.9 
1509 + 59 | 244 + 10 | 83.840.6| 617 + 22 | 209 +10 | 66.2 +0.7 
ae 1361 + 58 | 236 + 7 | 82.64+0.4| 554417 | 194+ 8 | 65.04+0.7 
| ie 1224 + 56 | 230 + 10 | 81.54+0.5 | 551 + 24 | 185 + 8 | 66.4+4+0.9 
48 “ 925 + 28 | 208 + 10 | 77.64+1.0| 522 +15 | 176+ 66.3 +0.9 
659 +19 | 199+ 9 | 69.841.3 | 464418 | 170+ 8 | 63.3 40.8 
Control experiments with rats not dosed with mustard gas 
_ 607 + 29 | 194 + 10 | 68.0+0.4 | 609 + 23 | 192+ 9] 68.44+0.3 
578 +17 | 179+ 6 | 69.04+0.6 | 593 + 14 | 185 + 9] 68.9+40.9 


1 Each value reported is the mean (+ standard error) of the results of eight experiments. 


was obtained for the water content of the skin and subcutaneous tissue 
obtained from normal rats under the experimental conditions described above. 


The main difficulty encountered in evaluating the severity of the oedema 
by means of experiments of the type just described lay in the possible spread 
of the oedema into regions not included in the standard portion of tissue that 
was excised. This might have been overcome by excising a larger amount 
of tissue, but such a procedure would have reduced the chances of detecting 
small changes in the fluid content of the tissue at the site of application of the 
mustard gas. In an attempt to compromise between these conflicting factors, 
it was decided to excise a portion of skin whose area was about six times that 
of the skin covered with mustard gas. Although this procedure appeared to 
be satisfactory under most conditions, it was noted that the oedema, when at a 
maximum, showed signs of extending somewhat beyond the boundaries of the 
excised tissue. The results obtained show that in the skin and subcutaneous 
tissue excised from the dosed region, (a) fluid began to accumulate soon after 
dosing; (b) the accumulation of fluid continued for 12 to 18 hr. after dosing; 
and (c) thereafter the amount of fluid decreased slowly, so that 72 hr. after 
dosing, the percentage of water present was close to the normal value, though 
somewhat higher than that of the undosed region. Although there was little 
change in the percentage of water in the skin that had not been exposed 
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directly to the action of the mustard gas, a significant decrease was observed 
72 hr. after the animals had been dosed. 


The Toxicity of Mustard Gas When Administered to the Rat 


Determinations were made of the toxicity of two specimens of mustard gas 
(Specimens A and B) when administered to the rat by application to the skin. 
The toxicity of mustard gas (Specimen A) when given by subcutaneous 
injection was also determined. The general methods used in these experi- 
ments have been described above. Not less than 12 rats were used for each 
dose of mustard gas tested, and each rat was placed in a separate metal cage 
after it had been dosed. In the experiments in which the mustard gas was 
applied cutaneously, the rats were anaesthetized and the mustard gas was 
measured from a micropipette (17) on to the skin of the mid-lumbar region. 
Each animal was kept anaesthetized for at least 30 min. after it had been 
dosed. In preliminary experiments it was found that very small amounts of 
mustard gas were lethal when injected subcutaneously, and in order to 
measure the doses accurately a solution of mustard gas was used. The 
solution employed contained 2.0 mgm. of mustard gas per ml. of sesame oil 
and it was prepared immediately before use. The rats were anaesthetized 
and the mustard gas solution was injected under the skin of the mid-lumbar 
region. As the needle was removed the skin was clamped at the point of 
withdrawal and the clamp was left in position long enough to ensure that 
leakage of the injected solution did not occur. When sesame oil alone was 
injected into rats under the conditions used in the above experiments, it was 
found that as much.as 1.0 ml. of the oil produced no observable ill effects, 
and apart from a small initial loss in weight the animals continued to grow 
normally. The maximum amount of sesame oil injected into any one rat 
in the toxicity studies was 0.5 ml. It seems probable that the sesame oil 
itself did not exert a toxic action when it was used as a diluent for the mustard 
gas, and that its main influence arose from its effect on the distribution and 
reactions of the mustard gas. 

The results obtained in the toxicity determinations are shown in Table II. 
From these data it appears that the LDs» of both specimens of mustard gas 
when applied to the skin of the rat was between 9 and 12 mgm. per kgm. body 
weight. When Specimen A was injected subcutaneously, the LDso was 
between 1.5 and 1.8 mgm. per kgm. body weight. The results obtained gave 
no indication that the toxicity of mustard gas to male rats differed significantly 
from its toxicity to female rats. 

It is interesting to compare the data reported above for the toxicity of 
mustard gas with the results obtained in other toxicity studies carried out in 
this laboratory with rats of the same strain. In a study of the toxicity of 
mustard gas injected intravenously into rats as a 0.05% (wt./vol.) solution 
in propylene glycol, McCarter (5) found that the LDso was between 0.60 and 
0.72 mgm. per kgm. body weight. The LDso of methylbis(8-chloroethyl)- 
amine when applied to the skin of the mid-lumbar region of the rat was found 
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by Young, Brackenbury, and McCarter (18) to be 14 mgm. per kgm. body 
weight, and the LDso of lewisite (8-chlorovinyldichloroarsine) under these 
conditions was found by Simpson and Young (10) to be between 18 and 23 
mgm. per kgm. body weight. In view of the emphasis that has been placed 


TABLE II 


THE TOXICITY OF MUSTARD GAS WHEN ADMINISTERED TO THE RAT 


Mode of administration 


No. and 
sex of rats 
in group 


Av. wt. 
of rats in 
group, gm. 


Dose per 
rat, mgm. 


Av. dose 
mgm./kgm. 
body wt. 


No. of 
rats that 
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on the systemic toxic action of lewisite, it is noteworthy that when adminis- 
tered to the rat by application to the skin, this agent was found to be less 
toxic than mustard gas. 


Other Effects of Mustard Gas on the Rat 


When lethal doses of mustard gas up to 60 mgm. per kgm. body weight were 
applied cutaneously to rats, most of the animals did not die until three to five 
days after dosing. There was a fall in the food and water intake of these 
animals during the first day after dosing. During the second or third day 
they ceased eating and drinking, and at about the same time they developed 
a diarrhoea that became progressively more severe. The animals showed 
evidence of increasing muscular weakness. Marked loss of weight occurred 
during the first day after dosing and continued thereafter, with the result 
that the animals were very emaciated at the time of death, a finding that is 
in agreement with the observations made by Telbisz and Kuch4rik (11) in 
their study of the action of mustard gas on the rat. Effects similar to those 
just described followed the subcutaneous injection of lethal doses of mustard 
gas in amounts up to 6 mgm. per kgm. body weight. A more detailed account 
of some of these aspects of the action of mustard gas is given below. 


In the course of determining the toxicity of mustard gas it was noted that a 
high proportion of the rats that received lethal doses of this agent died in the 
period 72 to 120 hr. after dosing, and it was observed that the mode of adminis- 
tration of the mustard gas did not have a significant effect on the survival 
time. Death occurred on the fourth day after dosing (i.e. in the period 72 to 
96 hr. after dosing) in the case of 82% of the rats that died following the 
cutaneous application of mustard gas and 77% of those that died following 
its subcutaneous injection. In all experiments in which the administration of 
mustard gas led to death, 92% of the animals died in the period 72 to 120 hr. 
after they had been dosed. The survival periods of the rats that died in the 
toxicity experiments are shown in Table III. It should be noted, however, 
that when rats were dosed on the skin of the lumbar region with very large 
amounts of mustard gas (600 mgm. per kgm. body weight), most of the 
animals died within 12 hr. of being dosed. 


TABLE III 


THE SURVIVAL PERIODS OF RATS THAT DIED FOLLOWING THE 
ADMINISTRATION OF MUSTARD GAS 


Mode of Number of rats that died on each of the following days after dosing: 
administration of 
mustard gas 1 2 3 4 5 6 7 8 9 10 11 12 13 14 


Skin application (up to 
60 mgm. /kgm.) 


Subcutaneous injection 
(up to 6 mgm. /kgm.) 


| 
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In the toxicity determinations it was observed that a rat that received a 
lethal dose of mustard gas showed a steady loss of body weight, with the 
result that at the time of death its weight had usually decreased by about 
25 to 30%. The loss of weight sustained by a rat that received a sublethal 
dose of mustard gas was less severe, and three to five days after it had been 
dosed, such an animal usually began to gain in weight and continued to gain 
for the remainder of the observation period. The administration of mustard 
gas was also found to lead to changes in the food and water intake of the 
dosed animals. In order to obtain more information concerning these effects 
of mustard gas, controlled experiments were performed in which the body 
weights and the food and water intakes of groups of rats were measured before 
and after the cutaneous application of lethal or sublethal amounts of mustard 
gas. Two groups of four male rats (Groups 1 and 2) and two groups of four 
female rats (Groups 3 and 4) were used in the first set of experiments. The 
animals each weighed between 150 and 185 gm. and throughout the experi- 
ment they were provided with food and water ad libitum. The average body 
weight and the food and water intake of each group were determined daily 
for four days. At the end of the fourth day the rats in Groups 2 and 4 were 
anaesthetized and each animal was dosed with 4.0 mgm. (approximately 
2 X LDso) of mustard gas (Specimen A) on the skin of the mid-lumbar region, 
while the rats in Groups 1 and 3 were anaesthetized for the same period but 
were not dosed with mustard gas. The body weights and food and water 
intakes of all four groups of rats were then measured daily for a further four 
days. On the fourth day after dosing, all the dosed rats died from the effects 
of the mustard gas except one, and this animal died early on the fifth day. 
The data obtained for the control rats (Groups 1 and 3) have been combined, 
as also have those for the dosed rats (Groups 2 and 4), and they are shown 
graphically in Fig. 1. 

Similar experiments were conducted with two groups of four male rats 
(Groups 5 and 6) and two groups of four female rats (Groups 7 and 8) in order 
to study the influence of sublethal doses of mustard gas on body weight and 
food and water intake. At the end of the control period of four days, all the 
rats were anaesthetized for the same period and those in Groups 6 and 8 were 
each dosed on the skin with 1.0 mgm. (approximately 0.5 X LDso) of mustard 
gas (Specimen A) Whereas those in Groups 5 and 7 were not dosed. The 
daily determinations of the body weights and food and water intakes of all 
four groups were continued for the following 14 days. All the animals 
survived for this period. The data obtained are shown graphically in Fig. 2. 


In both sets of experiments the control groups of rats (Groups 1, 3, 5, and 7) 
gained steadily in weight throughout the experimental period, and they showed 
no very marked fluctuations in their intake of food and water. On the other 
hand, the average body weight of the male rats that received lethal doses of 
mustard gas (Group 2) fell from 174 to 122 gm. in the four day period after 
dosing, and that of the females treated in the same way (Group 4) fell from 
165 to 120 gm. Following the administration of lethal doses of mustard gas, 
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the food consumption and water intake of both males and females decreased 
sharply, and after the end of the second day after dosing the animals almost 
ceased eating and drinking. The rats that received sublethal amounts of 
mustard gas (Groups 6 and 8) showed some loss of weight during the first 
three days after being dosed and thereafter they gained in weight steadily. The 
food and water intake of these animals appeared to be somewhat reduced for 
about three or four days after they had been dosed. 


— 1 Groups 2 
180 5 and 3. and ° 
160 
Average body t ¢ 
140} 
weight (gm.) 
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15} 
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Ave water 
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Fic. 1. The effect of the cutaneous application of a lethal dose (approximately 2 X LD so) 
of mustard gas on the body weight, food consumption, and water intake of the rat. The 
animals in Group 1 (four males) and Group 3 (four females ) were controls; those in Group 2 
(four males ) and Group 4 (four females ) were dosed with mustard gas at the time indicated. 
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Fic. 2. The effect of the cutaneous application of a sublethal dose (approximately 
0.5 X LDso) of mustard gas on the body weight, food consumption, and water intake of the 
rat. The animals in Group 5 (four males) and Group 7 (four females ) were controls; those 


in — 6 (four males) and Group 8 (four females) were dosed with mustard gas at the 
time indicated. 


. 
~ 
4 


150 CANADIAN JOURNAL OF RESEARCH. VOL. 25, SEC. E. 


The severe losses in body weight that occurred in rats dosed with lethal 
amounts of mustard gas can be accounted for, in part at least, by a diminished 
consumption of food and water. In experiments in which two groups of four 
male rats, average weights 171 and 172 gm., and two groups of four female 
rats, average weights 164 and 160 gm., were deprived of food and water for 
four days, the average weights of the male groups fell to 130 and 128 gm. and 
those of the female groups to 125 and 123 gm., respectively. These losses 
are similar to those that occurred in rats of similar initial weight following the 
application of lethal doses of mustard gas. The dosed rats did consume some 
food and water, however, during the early part of their four-day survival 
period. Furthermore, they became lethargic, whereas the fasted animals 
were very active. It séems probable that the loss of weight in rats dosed with 
lethal amounts of mustard gas was not entirely related to the fall in their 
intake of food and water. It was found that rats dosed on the skin or by 
subcutaneous injection with lethal amounts of mustard gas developed a 
watery diarrhoea and in consequence suffered a considerable fluid loss. The 
diarrhoea was severe and led to fouling of the hair, not only in the anal region, 
but over a large portion of the abdomen. The condition usually became 
apparent on the second or third day after the administration of the mustard 
gas. It was rarely observed in animals that received sublethal doses of the 
compound. Whenever a rat was examined on the third or fourth day after 
it had received a lethal dose of mustard gas it was found that its stomach was 
greatly distended due to the presence of a yellow or greenish-yellow fluid, and 
its intestine was congested. 

Loss of body weight, anorexia, and severe diarrhoea were subsequently 
observed by McCarter (5) to occur in rats that received lethal doses of mustard 
gas by intravenous injection. Furthermore, 77% of these animals died on 
the fourth day after dosing. In several respects, therefore, the effects produced 
by mustard gas on the rat are the same whether this agent is administered 
intravenously, subcutaneously, or by application to the skin. 
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